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I	K�Q¬Ã�ÄNO0\�Udo-bT\do�U�Q²ÅÆo�Y-bT\d^fD*YÇÅÆU�D*L2F�QVQVrÈ^fY�Qc`fMRO0\�^fb

Qc`_QJb�\dU�D*Y¹OdbcM]\X\�QVU�^_Y-É¹ÊXÊ´Ë�ÌdË�ÍfÎ[M]\�Ï ÄNÐ�Ñ¸Ò QVt Ä Î[QTÓpÔ
K�^fÕ�^_\�O \�K�Q¸`_DRÉRM*Ud^_\dK�L²^�blO�bVM*`_^fY�ÉE^_Y×Ö¥ÕsQVK-M�mp^fD*U²QTÓpÔ
rsQcbT\dQcFEÅÆU�D*L9Ø�Ù�Ú�Û"?�e-D*U"Ï Ä¸ÜÝÑ·Ò QVt Ä M*Y-FÈÞ Ä
ÕsQV`fD]q�MNÅÆQVq Ò QctBß]à Ä \dK�^�O[O�bVM*`_^fY�É¬Õ-UdQJMaá=O$F=D]q(Y¹M*O
\�K�Q~\�K�Q¹`fD]qâ`_hp^fY�ÉãU�QcOdD*Y�MaY-bVQcOND*Å�\dK�QEr�U�Da\dDRY¥Õ�QVÔ
bVD*L²Q"r-UdDRL ^fY�QcYR\�M*Y-F¹\�MaU�É*QV\yLNMROdO,QVSsQJb�\�O,ÕsQcbVD*L²Q
^fL²r�DRUX\WMaY�\c?
ä D]q�QVmRQVUJiaå%`fDpD*LÝMaY-F Ò ^f`_LNM*Y DRÕ-OdQVU�m*QcFçæ �Tè \�K-M]\Ji

é o-M*`_^_\�Ma\d^fm*QV`fh*i�^_YÇ\�K�Q®U�QVÉR^_DRY-O,DaÅ	\�K�QcOdQ¬U�QcOdD*Y-M*Y-bTQJOVi\�K�QlU�QcOdD*Y�MaY-bVQ¬r�QJMaá=OB\dQVY�FÈ\dD¹DRO�bT^f`_`�M]\�QlM*Õ�DRo=\"\�K�Q
O�bVM*`_^fY�ÉãbVo�UdmRQ~ÅÆU�D*LêK�^fÉ*K�QcUçÞ Ä q(K�QcYë\�K�QEO�bVM*`_^fY�É
m]MaU�^�MaÕ�`fQ®ì<Í�í �,î Ï Ä ßaÞ Ä ^�ONo-OdQcF¢q(^g\�KëF�M]\WME^_Y
\�K�Q·UWMaY�ÉRQ �¥ï Þ Ä ïð�ck Ê Ò QVt�ß]àVÎ Ä ?ñI	K�^�Oãò�F=o=Ô
M*`_^_\0h=óÇÕ�QV\0q%QcQVYë`fD]q	ÔQcY�QVU�É*hãQV`fQcb�\�UdD*Ôr-UdD=F=o-bT\d^fD*Y�DaÅ
U�QcOdD*Y-M*Y-bTQJO�MaY-FÇK-^_ÉRKÈQVY�QcUdÉRh¹O�bVM]\d\dQcUd^fY�É¸K-M�mRQ²\dUWM]Ô
F=^_\d^fD*Y�Ma`f`_hçÕsQVQVYE^fYR\�QVU�r�U�QT\dQJFç\dD:L²QcM*Y~\dK�M]\,K�^_ÉRK�QVUdÔ
\0q(^�O0\	QTS@QcbT\�O(M*UdQ[Y�Da\	`fM*UdÉRQ$DRU	Ma\�`fQcMRO0\(bVM*Y-bTQc`@q(K�QVY
DRY�Q�M�m*QVUWMaÉRQcO<D]m*QVU�\�K�Q�UdQJOXDRY-MaY�bTQcO,æ j�è ?
å�QcbVM*o-OdQ~DaÅBMRF=m]MaY-bVQcO¬^fYë\�K�QEo�Y-F=QcU�OX\�M*Y-F=^fY�ÉôDaÅ

Ù�Ú�ÛõMaY-FÇ^fL²r�UdD]mRQVL²QVY�\WO�^_Y¢Ã Ä L QJM*Odo�U�QVL²QVY�\�O�^_Y
F=QcQVr²^fY�QV`�M*OX\d^�b(OdbcM]\d\dQVU�^fY�É¬Ê�Û[öX>�Î�i é o-MaU�á�ÔK-MRF=U�D*Y"F�o=ÔM*`_^_\0h¥^fO~Õ�QJbTD*L²^fY�É�L²D*U�Q é o-M*Y�\d^_\�M]\�^_mRQ*?âP*QVSsQcU�OdD*Y÷ MaÕsD*UWM]\dDRUdh×K-MRO®o�Y�F=QVUd\�M*á*QVYøMãr-UdDRÉ*UWMaLðDaÅ"L²QJM]Ô
Odo�U�QVL²QVY�\�O�^fYB\�K�Q%U�QcOdD*Y�MaY-bVQ<U�QVÉ*^fD*YBDaÅ�Ã Ä MaY-FBDa\dK-QVU
DRÕ-OXQcUdm]M*Õ�`_QJO�D]m*QVU3Myq(^�F=Q[Þ Ä UWMaY-É*Q	q(^g\�K¬MaY²QVL²r�K�M]Ô
Od^fO	DRYlmRQVU�hN`_D]q�Þ Ä L²QcMROXo�U�QVL²QcYR\WOV?

ùXú:û ü´ý ü´ý]þWÿ����%ü����	��
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ö�Y�Qc`fMRO0\�^fb<@�Ê´Ë�ÌdË Í ÎlL²QcMROXo�U�QVL²QcYR\WO¬q�QVU�Q·LNM*F�Q¹^fY

ä Ma`f`¬Ú9M]\EPRQTS@QVUWOdD*Y ÷ M*Õ o-Od^_Y�Éë\dK�Q äBA >�OdrsQcb�Ô
\dU�D*L²QT\�QVUJ? æ v i Ñ è!C `_QJb�\dU�D*Y�ÕsQcM*L²OlDaÅ j ? ÑED \dD Ñ ? k DÒ QVtGFab²q%QcUdQNO�bVMa\X\dQcUdQJF~D*SãDaÅ Ñ bTL ÷�ä ÄNM*Y-F ÷ Û,Ä
\�MaU�É*QV\�O�q(^_\dKlO�bVMa\X\�QVU�^_Y�É²MaY-É*`fQcO%U�M*Y�É*^fY�É�ÅÆU�D*L j*k \�DH k F=QcÉ*U�QVQJOV?�A�\�QcM*bWK,ÕsQcM*LøQcY�QVU�É*h�FaOdbcM]\X\�QVU�^_Y-É�M*Y�É*`fQ
bTD*L"Õ�^fY-M]\�^_DRY�i]L²QcM*Odo�U�QVL²QVY�\WO�q�QVU�Q3LNM*F=Q	M]\uM$OdQVU�^_QJO
DaÅ7D]mRQVU�`fM*r�r�^fY�É,L DRL²QVY�\do�L Õ-^g\�QcO%U�M*Y�É*^fY�É�ÅÆU�D*LÝ\dK-Q
QV`�M*OX\d^�b	r�QJMaáBF=D]q(Y \�D,M�O�bVMa\X\�QVU�^_Y�É,QcY�QVU�É*h,\�K-M]\<bVD*UdÔ
UdQJOXrsD*Y-F-O�\dD®Ï ÄBIJD Ò Qct Ä ?
A[O%F=DRo�Õ�`fQ$F=^_SsQcUdQcY�\d^�Ma`-bVUdD�OdO3OdQcbT\d^fD*Y-O%MaU�QnbTDRYR\�^_Y�Ô

o�o�L2L²QJM*Odo�UdQcL²QVY�\�Oci7M]\d\dQcYR\�^_DRYE\dDçÕ-M*bWápÉRUdDRo�Y-F�O[^fO
^_L²rsD*Ud\�MaY�\J?yØ<^_DRY¸r�UdD=F=o�b�\d^fD*Y7iuÊ´ËLK<Ì+MK�ÎTi M]\yF�QVQVr-`_h
^_Y�Qc`fMRO0\�^fb L²D*L²QcYR\WMlbcMaY¹QTÓ�bTQcQcFãÊ´Ë�ÌdË�ÍfÎ[Õph~M*OyL"o-bWK
M*O·MëÅ�M*bT\dD*U·DaÅ �ck ? C `fQcbT\dU�D*Y-O¹MaU�QÈ^fF=QcY�\d^ON-QcF�Õph
UdQ é o-^_U�^_Y-É�M�Od^fÉ*Y-M*`N^_Y MøÉRMROãÚ%QVU�QVY�áRD]m F=QV\dQcbT\dDRUMaY-F:M `fM*UdÉRQyOd^_ÉRY-Ma`sÅÆU�D*L M*Y®Qc`_QJb�\dU�D*LNM*É*QT\�^fbyOdK�D]q%QcU
^_YñMë`fQcMRF É*`�M*O�O·F�QT\dQJb�\�D*UJ? I	K�Q×bVD*L"Õ�^_Y�M]\d^fD*Y DaÅ
\dK�QJOXQ$\0q%DBF�QT\dQJb�\�D*UWO<bVM*YNUdQ+P0QcbT\<r�^fD*Y-O�M]\%M�Å�M*b�\�D*U%DaÅ
MaÕsD*o=\ �ckRk*k�Q_� ?7AnY�D*\dK�QcU3OX^fÉ*Y-^RN�bcMaY�\uÕ-M*bWápÉ*U�D*o-Y-F�ÅÆDRU
F=QVQcr�`_hN^fY�Qc`fMRO0\�^fbyOdbcM]\d\dQVU�^fY�ÉB^�O<Qc`_QJb�\�UdDRY-O3ÅÆU�D*L Ë�SuËLK
r-Ma^fUnr�U�D=F=o-b�\�^_DRY�?	I	K�^fOnÕ-M*bWápÉ*U�D*o-Y-F®^�O(U�QVL²D]m*QJF®Õph
o-OX^fY�É$bcMa`�bTo�`�M]\�^_DRY-O�M*Y-F,m*QcUd^_ÅÆhp^_Y�É	\�K�DROdQ3bVM*`fbVo�`�M]\d^fD*Y�O
q(^g\�K:L²QJM*Odo�UdQcL²QVY�\�O	D*Å�^fY-bT`fo-Od^_mRQ²Ê´ËLK<ÌdË�S3Î�LNM*F=Q�Ma\
\dK�Q�O�MaL²Q,áp^_Y�QcLNM]\d^�bVO(MRO�\dK�Q¬Ê´Ë�ÌdË Í Î�L²QcMROXo-UdQcL QcY�\�Oc?
Ø<UdDRr�QcU<K-M*Y-F=`f^_Y�É DaÅ�UWM*F�^fMa\d^fm*Q$bVD*U�UdQJb�\d^fD*Y�O3^�O%M*`fOdD

^_L²rsD*Ud\�MaY�\NÅÆDRU Qc`_QJb�\�UdDRY×O�bVMa\X\dQcUd^fY�ÉE\dDE\�K�Q~bTDRYR\�^_Y�Ô
o�o�Lç?�TnM*F�^fMa\d^fD*Y²DaÅ r�K�D*\dDRY-O3ÕphBQc^g\�K�QVU<\dK�Q[QV`fQcbT\dU�D*Y
D*U,\dK-Q²\�MaU�É*QV\�K-M*Oy\�K�QNQTS@QcbT\�DaÅ	L²M*áp^_Y�É:\�K�Q~Ê�UV ÌXì%ÎDaÅ \dK-Q[QVÓ=bWK�MaY�ÉRQ(r�K�Da\�D*Y®F�^gS@QVU�QVY�\<ÅÆU�D*LÝ\�K-M]\	bVMa`�bTo�Ô
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Bloom-Gilman Duality : Recent Results I
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Bloom-Gilman Duality works to higher precision and to lower Q 
                                than previously expected 

2

The total area under the nucleon resonance region AND the local
area from valley to valley for separate resonance regions agree to
better than 10% with results from DIS parameterizations, for
                                       Q   > 0.5 (GeV/c)2                                  2

In terms of the Operator Product Expansion, Bloom-Gilman Duality
indicates that Higher Twist effects are small, or cancel on average,
                                         even at low Q2

H(e,e’)

The    -dependence of the scaling curve describes
the Q  -dependence of the individual nucleon resonance regions

ξ
2

e�^_ÉRo�UdQ � ? Ã�Ä�ÅÆU�D*L P ÷ M*ÕW@�Ê�Ë�Ì�ËJÍfÎÈF�Ma\�M Ê�OX\�M*U�OWÎ
bTDRL r�MaU�QcF®\dD \dK�Q�Z A Ú æ H è r�MaUWMaL²QT\�QVU�^OXJM]\d^fD*Y®QVm]Ma`_Ô
o-M]\�QcF�Ma\EÞ Ä í D Ê Ò QVt�ß]àcÎ Ä Ê´F�M*OdK�QcF�`f^fY�QJÎ¸M*Y-F
Þ Ä í �Jk Ê Ò QVt�ß]àVÎ Ä Ê�OdD*`f^fFE`f^_Y-QJÎ�?lAnU�UdD]qnOy^fY-F=^�bVM]\�Q
QV`�M*OX\d^�b,áp^_Y�QcLNM]\d^�bVOc?

`fMa\dQJFôÅÆU�D*L ÕsQcM*L QVY�QcUdÉRhÇM*Y-Fã\dK�Q:D*Õ-OdQVU�m*QJFôO�bVM]\dÔ
\dQcUdQJFlQc`_QJb�\�UdDRYlL²D*L²QcYR\�o�L mRQcbT\dD*UJ?uAnYçQTÓ�MaL²r�`fQ,DaÅ
MaY¬^fL²r�DRUX\WMaY�\%UWM*F�^fMa\d^fm*QnQVSsQJb�\	^fO<\dK�Q[U�MRF=^�M]\d^fD*YND*Å�M
r�K�D*\dD*YEÕphç\dK�Q²^fY-bTDRL²^_Y�É:QV`fQcbT\dU�D*Y�?"I	K�UdDRo�É*K·\dK�^�Oci
QV`�M*OX\d^�b$O�bVMa\X\dQcUd^fY�ÉBMa\%`fD]q%QcU<^fY-bTDRL²^_Y�ÉBQV`fQcb�\�UdDRY¬QV`fQcbTÔ
\dU�D*Y QVY�QcUdÉR^_QJOVi�q(K�QcUdQ	bTU�DRO�O�OXQJb�\d^fD*Y�O�M*UdQ%K�^fÉ*K�QcUci*bcMaY
Mar�rsQcM*UnM]\nK�^fÉ*KZY�^fYl\�K�Q�QVY-QVU�É*h¬`fDRO�O	OXrsQcbT\dUWM ÅÆUdDRL
K�^fÉ*K�QcU(Õ�QJMaL QcY�QVU�É*^fQcOc?�I�DNbTDRUdU�QcbT\<ÅÆD*U	\�K�QcOdQ,U�MRF=^�M]Ô
\d^fm*QNQVSsQJb�\�Oci�M:ÉRD�D=F¹ápY�D]q(`_QJF=É*Q DaÅ%\dK�Q¬O�MaL²QNbTU�DRO�O
OXQJb�\�^_DRYÈ\dK-Ma\"^�O�ÕsQV^fY�É·L²QJM*Odo�UdQJFE^fO"UdQ é o�^_U�QcF�i7\�K�o�OMaY:^g\�QVUWM]\�^_mRQ[r�U�D=bTQJF=o�U�Q[^�O�o-OXQJF¬\�D²o�Y=ÅÆD*`�FlU�MRF=^fMa\d^fm*Q
MaY-F:D*\dK�QcU(QTS@Qcb�\WOV?
I	K�QNL²QcM*Odo�U�QcFÇbTU�DRO�O�OdQcb�\�^_DRYÇ^fO�Mç`f^fY�QcM*UBbTDRLBÕ�^_Ô

Y-M]\�^_DRY~DaÅu\0q�D®OX\dU�o-b�\�o�UdQBÅÆo�Y-bT\d^fD*Y-Oc?$I	K�Q O0\�Udo-bT\do�U�Q
ÅÆo�Y-bT\d^fD*Y Ã Ä ^�OlQTÓp\dUWM*bT\dQcF×ÅÆU�D*L \dK-Q¹bTU�DRO�O®OdQcbT\d^fD*Y
o-Od^_Y�É

[0\ Þ ÄÑL] Ä>^ Í Ä í Ã�Ä`_µbVDRO Ä�a�b jdc

Bloom-Gilman Duality : Recent Results II
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JLab fit

NMC Parameterization
      at Q  = 5 (GeV/c) 2                           2

      NMC 5    

For Q  > 0.5 (GeV/c)  the averaged nucleon resonance data agree
                    to better than 10% with the scaling curve

Data at separate Q  and W  oscillate around a single curve ....
Are Higher Twist effects on average small, or cancelling, even
                                 down to the lowest Q  ?

2                               2

2                2

  2

At Q  < 0.5 (GeV/c)  the nucleon resonance spectra still tend
to a single scaling curve ---> The low-Q  nucleon resonances
                       mimic a "valence-like" behavior!

2

2

2

Why does duality work so well to such low Q ,
and averaged over that small a W -region ....

2

2

e�^fÉ*o�U�Q j ?lP ÷ MaÕEK�h=F=U�D*ÉRQVYEÃ�Ä¬F-M]\�Mç^fY-bV`_o-F�^_Y�É¸`fD]q
Þ Ä L QJM*Odo�U�QVL²QVY�\�Oc?uI	K�QnOXDR`_^�F bTo�U�m*QJO�MaU�Q%\�K�Q$Z A Ú
r�MaUWMaL²QT\�QVU�^OXJM]\d^fD*Y�ÅÆDRUlMeN�Ó=QcF Þ Ä í D Ê Ò Qct�ßaàVÎ Ä
M*Y-Fl\dK�Q,\�K�Q�P ÷ MaÕ<N�\BÊ C é Y�? j ÎT?

î,j OX^fY Ä a b j c �%î \ Ä ßaÞ Äf îë� g Ì Ê � Î

q(K-QVU�Q f í [ih ß [�j ^�O�\dK�Q,UWM]\�^_D DaÅ�\dK�Q,`fD*Y�ÉR^g\�o-F=^fY-Ma`\�DE\dK�Q:\dUWMaY�OXmRQVUWOXQ:bTU�DRO�O"OdQcbT\d^fD*Y-Oc?ãC¥K�^f`fQl\�K�Qço�Y=Ô
bVQVUd\�M*^_Y�\d^fQcO%^fY f MaU�Q$`�MaU�É*Q(ÅÆDRU<\�K�Qyá�^fY�QcL²Ma\d^�bVO%L²QcM]Ô
Odo�U�QcF®K�QVU�Q*i�\dK-QVhND*Y-`_h¬bVD*Y�\dU�^_Õ-o=\dQyM j�k OXh=OX\dQVLNMa\d^�b
o-Y-bTQcUX\WMa^fYR\0h¹\dD¹Ã Ä ?ãÊ A D*U�QNr�UdQJbT^�OXQ®L QJM*Odo�U�QVL²QVY�\�O
D*Å f iRF=^�OdbVo-O�OXQJF²Õ�Qc`_D]q�ipMaU�Q(o�Y-F=QcUdq	M�hBMa\�P ÷ MaÕ¸æ D è ? Îl[mRQVUWMa`f`´ia\dK�Q$Odh=O0\�QVLNM]\�^fb	QcUdU�D*UWOu^fY¬Ã�ÄnF�o�Q(\dDBo�Y-bTQcUXÔ
\WMa^fY�\0h×^fY f inUWM*F=^�M]\�^_mRQ~bTD*U�U�Qcb�\�^_DRY-Oci�r�Ma^fU®r�U�D=F=o-b�Ô
\�^_DRY�i�Õ-MRbWápÉ*U�D*o�Y-F-O%M*Y-F®D*\dK�QcU(QTÓ=rsQVU�^_L²QVY�\WMa` QTS@QcbT\�O
\�Da\WMa`3MaÕsD*o�\ v ? D k ?²>�\�Ma\d^�O0\�^fbcMa`�QcUdU�D*UWO$M*UdQ²Mar�r-UdD�Ó=^_Ô
LNMa\dQV`fh �9k ?
m7»`:n/p¾�=o?�¿c¾p7q3	r6sl½´¾>tL=�¾J¾c½´Ài3×À4uvs<7�¿>7
AâOdM*L²r�`_QlDaÅn\�K�Qp@�Ê´ËRÌ�Ë�Í_Î Ã�ÄlU�QcOdo�`g\WO²MaU�QlOdK�D]q(Y

^fY®e�^fÉ-? � i�r�`_D*\X\�QcF®MRO<M,ÅÆo-Y-b�\�^_DRY®DaÅ@\�K�QyZ[M*bWK�\dLNM*Y�Y
O�bVM*`_^fY�ÉÈm]MaU�^�MaÕ�`fQxw�í j Ö@ß�Ê ��îzy �%î Ñ Ö Ä�{�Ä ß*Þ Ä Î
q(K-^fbWK¹^fO$\dK�Q r�U�D*rsQVU,OdbcMa`f^_Y-É®m]MaU�^fM*Õ�`fQ�\dDlo-OXQ q(K�QcY
OX\do�F=hp^_Y�É¸Ù�Ú�Û O�bVM*`_^fY�É¬mp^fD*`�M]\d^fD*Y�O�æ j i waè ?�Ê|wN^fO$m*QcUdh
Od^fL ^f`�MaU²\dDÇ\�K�Qç^_YpmRQVUWOXQçDaÅ[\dK�Q~O�bVM*`_^fY�ÉÇm]MaU�^fM*Õ�`fQ®ì<Í



v

e�^fÉ*o�U�Q v ?lÚ%D*L²r-M*Ud^�OXDRY~DaÅ	DaÅ	P ÷ MaÕÇÃ�}Ä F�Ma\�MçM�m*QcUXÔ
M*É*QcF:D]mRQVU[Þ Ä Ê�OdK-M*F=QJF¸Õ-M*Y-F-Î	\�D¬Y�Qco=\dU�^_Y-D®OdbcM]\d\dQVUdÔ
^fY�É²L²QcM*Odo�U�QVL²QVY�\WO%D*Å�ÖsÃo~®æ � è ?
o-OdQcF Õphëå�`_DpD*L MaY-F Ò ^_`fLNMaY�ÎT?�An`�OXD¥OdK�D]q(Y M*UdQ
bVo�UdmRQcOyDaÅ%\dK�Q¬Z A Ú�N-\®æ H è \dD~F=QcQVrE^_Y�Qc`fMRO0\�^fb²O�bVMa\XÔ
\�QVU�^_Y�É~\dK-Ma\"K-M�mRQ¬Õ�QcQVYôQcm]Ma`fo-M]\�QcFÈM]\NÞ Ä í D MaY-F
�Jk Ê Ò QVt�ß]àcÎ Ä ?(C¥K-^_`fQ"Ma\[F=^_SsQcUdQcYR\,Þ Ä i-\dK�Q"Y�o�bT`fQVD*Y
U�QcOdD*Y-M*Y-bTQJO¬Mar-r�QJMaUçM]\¸F=^gS@QVU�QVY�\çU�M*Y�É*QJO¬D*Å�w=i$\�K�Q
Z A Ú�N-\<^fO3É*QVY-QVUWMa`f`_h,\�K�Q$M�m*QcU�M*É*Q%DaÅs\dK�QnF�Ma\�M-iRbTDRY=ÔN-U�L²^_Y-É®\�K�Q"DRUd^fÉ*^fY-M*`�å�`fD�DRL.MaY-F Ò ^_`fLNMaYED*Õ-OdQVU�m]M]Ô
\�^_DRY-OV?(I	K�^�O$Odo�ÉRÉ*QcOX\�O(\dK-Ma\cis^_Yç\�K�Qpl[rsQVUWM]\�D*U$Ø<UdD=FpÔ
o-bT\ C Ó=r-MaY-Od^fD*Yôæ j�è isK-^_ÉRK�QVU[\0q(^fOX\,QTS@Qcb�\WO,MaU�Q"OdL²M*`_`i
Ma\	`fQcMRO0\(DRY:M�mRQVUWMaÉ*QRi�Ma\(\dK�QJOXQ,`fD]qøÞ Ä áp^fY�QVLNMa\d^�bVOc?
I	K�Q$Z A Ú�N�\�bVD*Y�\d^fYpo�QcO3\dD"Ud^�OXQ[M*O�^_\�^�O3QVÓp\dQVY�F=QcF

\�DE`fD]q�QVUpw=? ä D]q�QVmRQVUJi3Õ�Qc`_D]q�w¢í kq� v i3\�K�Q~P ÷ MaÕ
U�QcOdD*Y-M*Y-bTQ(U�QVÉR^_DRY®Ã�Ä[OX\�M*UX\WO3\�D"F=Qcm�^�M]\�Q$ÅÆU�D*L Z A Ú[?
I	K�QlM�m*QVUWMaÉRQNOXK-M*r�QlF=QcO�bTU�^_ÕsQcFÇÕph¹\dK�Ql`_D]q�w¸U�QcOdDaÔ
Y-M*Y-bTQ(F�Ma\�M²ÊÆq(K-^fbWK²MaU�Q(M]\�`_D]q�Þ Ä Î	Ê´e�^_É�? j Î�^fO3UdQcL ^_Ô
Y�^�O�bTQVY�\7D*Å é o�MaU�áyF=^�OX\dU�^_Õ�o�\d^fD*Y-O�ÅÆUdDRL m]Ma`fQVY�bTQ é o-M*Udá=ODRY�`_hR?
I	K�^�O,m�M*`_QcY-bTQ `f^_áRQ ÕsQVK�M�m�^fD*U�bcMaYEÕ�Q²QTÓ=r�`fD*U�QcF¹Õph

bVD*L²r-MaU�^fY�É(QV`fQcbT\dU�D*YBO�bVMa\X\dQcUd^fY�É$F-M]\�M$q(^g\�K�Ö�Ã ~ ÅÆUdDRL
F=QcQVr~^fY�Qc`fMRO0\�^fbBY�QVo=\�Ud^fY�D*Ô^fUdDRY¸OdbcM]\X\�QVU�^_Y-É·æ �-i � è ?[Ö�Ã ~
L²QcMROXo-UdQJO	\dK�Q²F=^_SsQcUdQcY-bTQ"Õ�QV\0q%QcQVY é o-M*UdáçMaY�F~MaY�\d^_Ô
é o-M*Udá¸F=^�O0\�Ud^fÕ�o=\�^_DRY-O,MaY-F·^fOy^fY�N�U�OX\yDRU�F�QVU$Y-Da\�OXQcY=Ô

e�^fÉ*o-UdQ Ñ ?,ö�Y�\dQVÉRU�M*`7D*Å<Ã�Ä²F�Ma\�M¬D]mRQVUnU�QcOdD*Y�MaY-bVQBF=QTÔN-Y�QcF�w¢U�M*Y�É*QJO:F�^_mp^�F=QcF Õphë^_Y�\�QVÉ*UWMa`�OlDaÅ P ÷ M*Õ�N-\
Ê�OX\�MaUWOWÎ�MaY�FBZ A Ú�Ê�O é o-MaU�QcOWÎ@D]m*QcU�\�K�Q�O�MaL²Q�w(U�M*Y�É*QR?
OX^_\d^fm*Q"\dD:OXQJM é o-MaU�á=OV?yö�Y¹e�^fÉ-? v is\dK-Q Y-QVo=\�Ud^fY�D®ÖsÃo~L QJM*Odo�U�QVL²QVY�\�O�M*UdQ²bTDRL²r-MaU�QcF·\dD:\dK-Q¬Ã�Ä²L²QcMROXo-UdQVÔ
L QcY�\�O�D*Y:F=QVo=\�QVU�^_o-L:?3I	K-Q[F=Qco=\dQcUd^fo�L Ã�Ä[F-M]\�M"K-MRO
Õ�QcQVY¸M�m*QcU�M*É*QcF¬D]m*QVU	Ma`f` \�K�Q�Þ Ä m]Ma`fo�QcO	D*Å7\dK-Q�P ÷ MaÕ
F�M]\WMlOdQT\�MaY-F·^fOyU�QVr�U�QcOdQVY�\�QcF¸Õphç\dK-Q OdK-M*F�QcF~Õ�MaY-F ?
I	K�Q¹F=Qco=\dQcUd^fo�LêÃ�ÄEF�Ma\�MÈMaY�F�\dK�Q·^_U�D*Y¥ÖsÃo~EF�M]\WM
K-M�m*Q:Õ�QcQVY¥O�bVMa`fQcF¢ÕphãOX\dUWMa^fÉ*K�\"ÅÆDRUdq	MaUWFÇÅ�MRb�\dDRU�O"\�D
M*bVbVD*o�Y�\�ÅÆDRU,\dK�Q é o-M*Udá¹bWK-MaU�É*QJO[^fYÈF=QVo�\dQVU�^fo�L M*Y-F
\dK�Q���D*Å�^fU�D*Y�?3I	K�Q�Od^fL ^f`�MaU�^g\0h¬^fY:\dK�Q�F�^fOX\dU�^_Õ-o=\d^fD*Y-O
OXo�ÉRÉ*QJO0\WOn\�K-M]\�`fD]q Þ Ä Qc`_QJb�\�UdDRY·OdbcM]\d\dQVU�^fY�É®LNM�h¸ÕsQ
M[L²QV\dK�D=F DaÅ@M*bVbVQcO�OX^fY�Éym]Ma`fQVY-bVQ é o-M*Udá�F�^fOX\dU�^_Õ-o=\d^fD*Y-OM]\n`fD]q5Ö7?



Ñ

e�^_ÉRo�UdQ D ? >p^fL²r�`_QÝYpo-bT`fQVDRY2L²D=F=QV`¥æ �ckaè OdK�D]q	Ô
^_Y-É D*Y-OdQT\ DaÅ O�bVMa`f^fY�É DaÅ9OX\dU�o-bT\do�U�Q ÅÆo�Y-bT\d^fD*Y�0���¥m=O;��içM Z$MRbWKR\�LNMaY�Y=Ô\0hpr�QøOdbcMa`f^_Y-É m]MaU�^fM*Õ�`_QR?
>po-bcbTQcO�Od^_mRQV`fh OXL²DpDa\�K�QVU.bVo�U�m*QcOâM ÅÆD*U�Q Þ Ä í
kq� D Ì � Ì j ÌdM*Y-F D Ê Ò QVtBß]àcÎ Ä ?
å%QJbVM*o-OXQ,\�K�Q�`fD]qWw²F-M]\�M®Mar�rsQcM*Uci�D*Y~M�m*QcU�M*É*QRiR\�D

ÅÆD*`f`_D]qôMybTDRL²L DRYBbTo-UdmRQ�\dK-Ma\uF�^gS@QVUWO�ÅÆUdDRL \�K�Q	Z A Ú
r-MaUWMaL²QV\dQVU�^�XcM]\�^_DRY�i�M*Y~M�m*QcU�M*É*Q,OdbcMa`f^_Y�ÉlbTo�U�m*Q�o�OX^fY�É
D*Y�`fh K�h=F=U�D*ÉRQVY²U�QcOdD*Y-M*Y-bTQnF�Ma\�M�K�M*O3ÕsQVQcYND*Õ=\WMa^fY�QcF�?
I	K�QBQcY�\d^fUdQ"Þ Ä MaY-F~Ï Ä U�M*Y�É*Q�D*Åu\dK�Q Ã�Ä"F�M]\WMNq�MRON�\�\�D~M:ÅÆo�Y-b�\�^_DRY-Ma`<ÅÆD*U�L.\�K-M]\BF=Qcr�QcY-F�OZ�9���R� DRY�w=?
I	K�^�OnP ÷ MaÕçF=o-M*`_^_\0h`N�\Ji
Ã�Ä í w9�>� �����RÊ ��� w*Î���� ���)�� æ kq� k*k D �Çkq� k D �-Ê ��� w*Î �Ek�� k-� H Ê � � w*Î Ä

îãjq� Ñ w ��Ê � � w*Î ~ �Çkq��j Ñ k Ê ��� w*Î�¡ è Ì Ê j Î
^fO$OXK�D]q(Y:q(^_\dK:\dK�Q�F-M]\�M ^fY¸e�^fÉ-? j ?
I	K�Q%QVSsQJb�\�DaÅ�UdQJOXDRY-MaY-bVQcO�D*Y F=o-Ma`f^_\0h�bVMaY"Õ�Q	L²D*U�Q

é o-MaY�\d^_\�Ma\d^fm*Qc`_h¥^fYpm*QcOX\d^fÉRMa\dQJFëÕphëbTDRL r�MaU�^_Y�É�Ã Ä ^fY\dK�QNU�QVÉR^_DRY-OyDaÅ%\dK�QNr�U�D*L²^fY�QVY�\�U�QcOdD*Y-M*Y-bTQJOn\�D:m]M*Ud^_Ô
D*o-O	O�bVM*`_^fY�É"bVo�U�m*QcOc?uI7D F=QV`f^_L²^_\	\dK�Qyr�U�D*L²^_Y-QVY�\%U�QcOXÔ
D*Y-M*Y-bTQJOVi�q�QlbWK-D�D�OXQ¬\dK�QlÅÆD*`f`_D]q(^fY�É~UWMaY-É*QcOBDaÅ[Ï Ä Q¢ Ê �£� vñï Ï Ä�Ü �L� � Ò Qct Ä Î�i��¥¤�¤]Ê �£� � ï Ï Ä�Ü
j�� DëÒ QVt Ä Î�i"Ã%¤+¦RÊ j�� D ï Ï Ä Ü vq�f� Ò Qct Ä Î�i"M*Y-F
Ê v��_�ôï Ï ÄÈÜ vq� � Ò Qct Ä Î�?¥I�DEbVD*L²r-M*UdQl\dK�QçU�QcOXÔ
D*Y-M*Y-bTQçF�Ma\�M·\dDÇÛ$öX>ãD*U \dK-QçP ÷ M*ÕãF=o-M*`_^_\0h�N�\Ji�Ã�Ä
UdQJOXDRY-MaY�bTQ"F-M]\�M®ÅÆD*U�MlÉ*^fm*QcY¹Þ Ä ^�O[^fY�\dQcÉ*UWM]\dQJF~D]mRQVU
MEU�M*Y�É*QlDaÅBw·\dK-Ma\NbVD*U�UdQJOXrsD*Y�F�O�\�D¹\�K�Q~Ï Ä U�M*Y�É*Q
DaÅ�\�K�Q"U�QcOdD*Y�MaY-bVQ*?nI	K�^�O$^fY�\dQcÉ*UWMa`7^�OyF=^_mp^�F=QcF~Õ�h:\�K�Q
^_Y�\�QVÉ*UWMa`�D*Å%\�K�Q®Û[öX>¹D*U�F=o-M*`_^_\0h¹bVo�U�m*QNÃ Ä D]m*QVUy\�K�Q
OdM*L²Q~U�M*Y�É*QR? Ê´I	K�Q§wÇU�M*Y�É*Qçq(^f`_`[Õ�Q¹F=^gS@QVU�QVY�\¬ÅÆDRU

e�^fÉ*o�U�Q w ? C Ó�M*L r-`_Q:DaÅ,QTÓp\dUWM*bT\d^fD*Y¢DaÅ f ÕphôL²QcM]Ô
Odo�U�^_Y-É OX`fD*rsQëD*Å¸bVUdD�OdOÈOdQcbT\d^fD*Y MROãMøÅÆo�Y-bT\d^fD*Y D*Å¨ í æ �%î¢j Ê �%î \ Ä ßaÞ Ä Î�\�M*Y Ä Ê b ß j Î è K ¤
QJM*bWK¬m]M*`_o�QyDaÅ�Þ Ä Ma\%q(K�^�bWK¬\�K�Q[UWM]\�^_D"^fO%QVm]M*`_o-Ma\dQJF-Î�?

© Ê«ª]Ë9¬]ß]Û[öX>-Î3í ®+¯®+° Ã�Ä>± G�²�G	® ¯® ° Ã�Ä>³«´ G�µ ¶ ·>¸
� Ê v Î

I	K-^fO�UWM]\d^fD$D*Å-U�QcOdD*Y-M*Y-bTQ<F-M]\�Mn\dDyÕ�D*\dKB\dK�Q	Z A ÚÈr-M]Ô
UWMaL²QV\dQVU�^�XcM]\�^_DRY�MaY-Fy\�K�Q	P ÷ MaÕGN�\�^fO�OXK-D]q(Y�^_Y e�^fÉ-? Ñ ?
e-D*Uy\dK-Q²Z A Ú�bVD*L²r-M*Ud^�OXDRY�is\dK�Q UWM]\d^fD:QTÓ�bTQcQcF�O[D*Y�Q
ÅÆDRU,L D�O0\yDaÅ3\�K�QNÞ Ä UWMaY-É*Q*isÕ�o=\,Õph~M¬U�D*o�ÉRK�`fhçbVD*Y=Ô
OX\�M*Y�\"MaL²D*o-YR\"D]m*QVUBÞ Ä MaY�FEÅÆD*UBM*`_`<\dK�QlUdQJOXDRY-MaY-bVQ
U�QVÉR^_DRY-Oc?�e-D*U�Þ Ä,Ü v Ò QVt�ß]à Ä \�K�QyU�Ma\d^fD�^fO%Y�D�`fD*Y-É*QVU
bVD*Y-OX\�M*Y�\ci$F=U�D*r-r�^_Y-ÉôÕ�Qc`_D]q�DRY�Q*?ÝI	K�^�Ol^�O:MôLNMaY=Ô
^_ÅÆQcOX\�Ma\d^fD*Y×DaÅy\dK�Qçm]Ma`fQVY�bTQç`_^fá*QçÕsQVK-M�mp^fD*U²QTÓ=K�^fÕ�^_\dQJF
^fYÈD*o-U�L²QcM*Odo�U�QVL²QVY�\WO,DaÅnÃ�Ä®MaY-FE\�K�QNÅ�M*bT\�\dK-Ma\"M]\
`fD]q5Þ Ä iR\�K�QyUdQJOXDRY-MaY-bVQcO%Mar�rsQcM*U�Ma\%`fD]q¥m�M*`_o-QcO%DaÅ¥w=?
C¥K-QVY:\dK�Q�P ÷ M*Õ®U�QcOdD*Y-M*Y-bTQBN�\(^fO	o-OdQcFl^fY-O0\�QcMRF ip\dK�Q
UWM]\�^_D"^fO%É*QcY�QVUWMa`f`fh"q(^_\dK�^fY �ck�k D*Å�o�Y�^_\0h*?�C¥K�^f`_Q[\dK-^fO
^�O�MyU�Ma\d^fD$ÕsQT\0q�QVQcY F�Ma\�M,MaY�FBM�N�\u\dDy\dK-Q	O�MaL²Q(F�Ma\�M�i
q(K-^fbWK�\�Kpo-O7^fY-bV`_o-F�QcO7\dK�Q�m]Ma`fQVY-bVQTÔ�`_^fá*Q3ÕsQVK�M�m�^fD*UJiJ^g\�^fO
q�D*Ud\dK¸U�QV^_\dQcU�Ma\d^fY�É²\dK�M]\$\�K�Q"P ÷ M*Õ#N�\yF�QVrsQVY-F�O[D*Y-`_h



D

e�^fÉ*o�U�Q H ? A QcMROXo�U�QVL²QcYR\WO�MaY-F�N�\WO,\dD f Ê [�h ß [�j ÎT?I�Ud^�MaY-É*`fQcO Q > ÷ A$Ú f F�Ma\�M:ÅÆD*U Û$öX>ÈUdQcÉ*^fD*Y¥Ê´Ï Ä Ð
v Ò Qct Ä Î¬æ �*�Vèº¹ Ú%^fU�bV`_QJO Q P ÷ MaÕ f F�M]\WMçÅÆD*U"Y�o�bT`fQVD*Y
U�QcOdD*Y-M*Y-bTQ,U�QVÉR^_DRY ¹ ÷ ^_Y-Q Q > ÷ A$Ú ÉR`_DRÕ-Ma`dN-\ Ê|T � �£�L�RÎ
æ �Jj]è \�D¬Û$öX>:F�Ma\�M-?

DRY<w²MaY-F®\dKpo-OnK-M*O	Y�D¬Þ Ä F�QVrsQVY-F=QcY-bTQR?
ö�Y�M(U�QcbTQcY�\ \dK�QcD*U�QT\d^�bVM*`RF=^�O�bTo-O�OX^fD*Y,D*Å=F�o-Ma`f^g\0h²æ �ck]è i

M¹OX^fL²r�`_QlYpo-bT`fQVDRYãL²D=F=QV`	bTDRY-OX^�OX\d^fY�É·D*Ån\0q%DEOdbcMa`fQVU
é o-M*Udá=OciaD*Y�Q(D*Å q(K�^fbWKN^�O3K-QcM�mph*iR^fO%bTD*Y�OX^�F=QVU�QcF�?�I	K�^�OL²D=F=QV`@K-MRO�Y�D bVD*Y�\d^fYpo�o�LçipD*Y�`fh¬M OXrsQcbT\dU�o�L DaÅ7U�QcOXÔ
DRY-MaY-bVQcOu\�K-M]\�MaU�QnÉ*^fm*QcY²OdLNMa`f`sM*UdÕ-^g\�U�M*Udh�q(^�Fp\�K-OV?uö�Y
\�K�^fOBL²DpF�QV`iuF�o-Ma`f^g\0hE^�O�D*Õ�OXQcUdmRQcF¹Õ�QV\0q%QcQVYÇ\dK-Q®`fD]q
Þ Ä OdrsQcb�\�U�Mnq(K�QVU�Q�UdQJOXDRY-MaY�bTQcO F�D*L²^_Y�M]\dQ%MaY-F,K�^fÉ*K-QVU
Þ Ä q(K�QcUdQ \�K�Q¬OXrsQcbT\dUWMçMaU�Q²OdL²DpDa\dK7?~Ê�e�^_É�? D ÎT?¬AnY
^fL²r�DRUX\WMaY�\�^fL²r�`f^fbcM]\d^fD*Y"DaÅ�\�K�^�Ouq%DRUdá,^�O7\�K-M]\u\�K�Q(F=^fOXÔ
\�^_Y-bT\d^fD*Y:Õ�QV\0q%QcQVY:UdQJOXDRY-MaY�bTQ$U�QVÉR^_DRYlO�bVMa\X\dQcUd^fY�É MaY-F
F=QcQVr"^_Y�Qc`fMRO0\�^fb%OdbcM]\d\dQVU�^fY�É[Ma\�K�^fÉ*K-QVU3Ï Ä ^�OuMaUd\d^ON�bT^�Ma`?
A[O$Þ Ä ^�On^fY-bTU�QcMROXQJF i=\�K�Q�^fY-bTU�QcMROX^fY�ÉNF=QVY�OX^_\0hlD*Å�U�QcOXÔ
DRY-MaY-bVQcOyÊÆ^fY®\�K�Q�OdbcMa`f^_Y-É"m]MaU�^�MaÕ�`fQJÎ%OX^fL²r�`fh¬OXQcUdmRQcO<\dD
L²^fL ^�b�M²bTDRYR\�^_Ypo�o-L:?

»�»`s<=	7q?�½�¿WÂ¢½|3¼:½7q3	r6¾x=otL?|/p½
Û$o�Ma`f^g\0h"^fO3M*`fOdD,Õ�Qc^_Y-É�QTÓ=r�`fD*U�QcF"^_Y²L²QcMROXo-UdQcL QcY�\�O

D*Å f ? f ^�On\�K�QBUWM]\�^_DND*Å�\dK�Q"`_DRY�É*^_\do-F�^_Y-M*`�\�DN\dUWMaY-OXÔ
mRQVUWOXQ²^fY�QV`�M*OX\d^�bNQV`fQcbT\dU�D*YôO�bVMa\X\dQcUd^fY�É~bVUdD�OdO�OdQcbT\d^fD*Y-Oc?

e�^fÉ*o-UdQ.��?[P ÷ M*Õ ¦ � e�Q�Ê�Ë�ÌdË�Í�Î$F�Ma\�M-?$I7DRr Q ÃNÊ«¿�Î$OdbcMa`_Ô
^_Y�É²ÅÆo-Y-b�\�^_DRY ¹ å�Da\d\dD*L Q Ã Ä ßÀ��mpOc?%w�ÅÆDRUnOdM*L²Q,F-M]\�M
å%h�L²QJM*Odo�Ud^fY�É5Ã�Ä�MaY-F f i"o�Y-r�DR`fM*Ud^�XVQJF�QV`fQcbT\dU�D*Y
OdbcM]\X\�QVU�^_Y-É~^fOBÅÆo�`f`_hôF�QcO�bTU�^_ÕsQcF ?EI	K�Q:QV`fQcb�\�UdDRYôOdbcM]\dÔ
\dQVU�^fY�ÉNbTU�DRO�O(OXQJb�\d^fD*YçbVM*YlÕsQ�q(U�^g\d\dQVY¸MRO QÁ Ä [Á�Â Á \ íÄÃ%æ [ij ÊÏ Ä ÌWÞ Ä Î î ¨)[�h Ê´Ï Ä Ì�Þ Ä Î è Ì Ê Ñ Î

q(K�QVU�Q ¨ íðæ ��î�j Ê �,î \ Ä ßaÞ Ä Î�\�M*Y Ä Ê b ß j Î è K ¤ i(M*Y-FÃ3iu\dK-Q¬\dUWMaY�OXmRQVUWOXQ²mp^_Ud\do�Ma`<r-K�Da\�D*YÆÅ-o�Ó@iu^�O"M¸ÅÆo�Y-b�Ô
\d^fD*Y¸DaÅuáp^_Y-QVLNM]\�^fb é o-M*Y�\d^_\d^fQcOc? f ^�O	\�K�QVY¸QVÓ�\�U�MRb�\�QcFÕ�h·L²M*áp^_Y�ÉçL²QcMROXo-UdQcL QcY�\�OyDaÅ%\dK�Q¬bVUdD�OdOyOXQJb�\�^_DRYEMa\
OXQcm*QVUWMa`�OdbcM]\X\�QVU�^_Y-ÉBMaY�ÉR`_QJOVisÊÆÕ�o�\�q(^_\dK`N-ÓpQJF¬Ï Ä M*Y-F
Þ Ä ÎTi�M*Y-F D*Õ-OdQVU�mp^_Y�Éy\�K�Q$Od`_DRr�QnD*Å [ ß�Ã~M*O�M�ÅÆo�Y-b�\�^_DRYDaÅ ¨ ?nÊ>pQVQ�e�^fÉ-? w Î�?A QJM*Odo�U�QVL²QVY�\�OlDaÅ f M*UdQ¹Õ�Qc^_Y�É¢LNM*F=QÇM]\çP ÷ MaÕ
D]m*QVU \�K�Q¸OdM*L Qçáp^fY�QVLNM]\�^fb:UWMaY�ÉRQ:MRO \dK�QçL²QcMROXo-UdQVÔ



w

L²QVY�\�O�D*Å�Ã Ä ?NØ<UdQc`_^fL²^_Y-M*Udh¸m]M*`_o�QJOyÅÆD*U f M*UdQNbVD*L Ô
r-MaU�QcFô\dDÇ> ÷ A$ÚñF-M]\�M×æ �*�Tè ^fY¢e�^_É�? H ?ÈI	K�Q¸> ÷ A$Ú
F�M]\WM�OXK�D]q(Y MaU�Q×F=QcQVrÝ^_Y-QV`�M*OX\d^�b¢O�bVMa\X\dQcUd^fY�Éøáp^_Y�QVÔ
LNM]\d^�bVOci	Ê´Ï ÄçÐ v Ò Qct Ä Î�iubTDRL r�MaU�QcF·\dDç\dK-Q®P ÷ MaÕ
F�M]\WM�q(K�^�bWKNMaU�Q(D*Õ=\WMa^fY�QcF²M]\%UdQJOXDRY-MaY-bVQ%áp^fY�QVLNMa\d^�bVOc?
I	K�Q	`_D]q×Þ Ä L QJM*Odo�U�QVL²QVY�\�O�D*Å f bTDRY�Y�QJb�\3OXL²DpDa\�K�`fh
\dD:\dK-Q K-^_ÉRK�QVU�Þ Ä Û[öX>~L²QcMROXo-UdQcL QcY�\�O[ÅÆD*U�MlÕ�UdD�M*F
U�M*Y�É*Q:DaÅ[Ö¥^_Y-F�^fbcM]\d^fY�É¹\dK�Qçm]Ma`f^�F=^g\0hãDaÅ[F=o�Ma`f^g\0hÈÅÆDRU
\dK�^�O(DRÕ-OXQcUdm]M*Õ�`_QR?
ö�Y-bT`fo-Od^_mRQ[Qc`_QJb�\dU�D*Y:OdbcM]\d\dQVU�^fY�É"L²QJM*Odo�UdQcL²QVY�\�O	MaU�Q

Ma`�OXD"Õ�Qc^_Y-É bcMaU�Ud^fQcF²DRo=\�DRY¬Ypo-bT`fQV^�æ �cvaè ?�e�DRU<\�K�QyL D*Ô
L²QVY�\do�L \dUWMaY-OXÅÆQVU:U�M*Y�É*Q¹O0\�o-F=^fQcF Ê � Ê Ò QVtBß]àcÎ ÄëÜ
Þ Ä:Ü w Ê Ò QctBß]àVÎ Ä Î�iuOXo�bWK¹L²QcMROXo-UdQcL QcY�\�O�MaU�Q²É*QcY=Ô
QVUWMa`f`_h¹MaY-M*`_hEXVQJF·MROyO�bVMa\X\�QVU�^_Y�É:DaSôD*Å%ÕsD*o�Y�F¹Ypo-bV`_QVÔ
D*Y-Oc?�å�h¢F=^fmp^fF=^fY�É��"Ê�Ë�ÌdË�Í�ÎNbTU�DRO�O¬OdQcbT\d^fD*Y-ONÕph×DaSsÔ
OXK-QV`f`�QV`fQcbT\dU�D*Y=Ô�Ypo-bT`fQVDRY®bTU�DRO�O	OXQJb�\d^fD*Y�OyÊ [EÇ M*Y-F [�È ÎTiMNOdbcMa`f^_Y-ÉBÅÆo�Y�b�\d^fD*Y¸bcMaYçÕ�Q�F�QÀN-Y�QJF Q
ÃNÊ«¿�Î<í Á Ä [Á�Â Á \ �É [ Ç îeÊ [ È Vy { Ä î Ê«¿ î V Î Ä Ì Ê D Î
q(K�QVU�Q!¿¬^fO	F=Q�N-Y�QJF®Õph \ î {ÆË í Ê { Ä î V Ä î ¿ Ä îj ¿ V Î ¤�Ì�Ä î Ê { ÄË K ¤ î ¿ Ä Î ¤�Ì�Ä ?�C¥^g\�K²\dK�^�O3O�bVM*`_^fY�ÉyÅÆo�Y-bTÔ\d^fD*Y�i%\dK-Qçe-Q ¦ � Ê´Ë�ÌdË�Í_Î²F�Ma\�MEOdbcMa`fQlq�QV`f`	ÅÆD*U²Y�QcÉRMa\d^fm*Q¿@?¹Ê�e�^fÉ-?	�:\dD*rsÎ ÷ MaU�É*Q²Y�QcÉRMa\d^fm*Qp¿¹bVD*U�UdQJOXrsD*Y-F-O$\�D
áp^_Y�QcLNM]\d^�bVO<q(K�QVU�Q(\�K�Q®òd^_Y�^_\d^�Ma`sO0\�Udo�bWáBYpo-bT`fQVDRY-ó�K-MRO
M¬K�^fÉ*K·L DRL²QVY�\do�Lç? ä D]q�QVm*QcUci-ÅÆD*U�¿:í k M*Y-F¸rsDROXÔ
^g\�^_mRQ*iyq(K�^�bWK bTDRUdU�QcOdrsD*Y-F�\�D é o-MROX^_ÔÅÆUdQcQ¹O�bVM]\d\dQcUd^fY�ÉMaY-F¹F=QVQcr·^fY�QV`�M*OX\d^�bBO�bVMa\X\�QVU�^_Y�É�i-\�K�^�OyO�bVM*`_^fY�ÉlÕ�UdQJMaá=O
F=D]q(Y�?
I	K�QnOXo�bVbTQJOdOuD*Å@\dK�Q$F�o-Ma`f^g\0h Mar�r-UdD�M*bWKBDRY ÅÆUdQcQnYpo=Ô

bT`fQVDRY-O$Odo�É*ÉRQcOX\�OnM*Y-Ma`fhEXV^fY�ÉN^fY-bT`fo-Od^_mRQ�QV`fQcbT\dU�D*Y~O�bVM]\dÔ
\dQcUd^fY�É~DRYEYpo-bV`_Qc^%MRO�QV`fQcbT\dU�D*Y=Ô é o-MaU�á·O�bVM]\d\dQcUd^fY�É¸o-OXÔ^_Y-É®\�K�Q²m�M*Ud^�MaÕ-`_QÍw®M*O[\dK-Q O�bVM*`_^fY�É®m]M*Ud^�MaÕ�`fQ*?�C¥K-QVY
\dK�QEÃ Ä OX\dU�o-b�\�o�UdQ~ÅÆo�Y-b�\�^_DRYërsQVU®Ypo-bV`_QcD*Y¥^�O®Qcm]Ma`fo=Ô
M]\�Q�M*O�^_Y C é Y7? � ip\dK-Q�^_U�D*YçF�M]\WM²MaU�Q$ÅÆDRo�Y-Fl\dDNO�bVMa`fQÊ�e�^fÉ-?�� ÕsDa\X\�D*L¬Î�ÅÆDRUnM"`�MaU�É*QyUWMaY�ÉRQ[D*Å	w"D]m*QVU	q(K�^�bWK
\dK�Q(OX\dU�o-b�\�o�U�Q3ÅÆo�Y-bT\d^fD*Y m]MaU�^_QJO7Õph�OX^_Ó�D*UWF=QcU�O7DaÅ-LNMaÉ*Ô
Y�^_\do-F=Qlæ � Ñ è ?3e�D*UBw Ü � \dK-^fOnO�bVM*`_^fY�É²^�O(r�QcUdK�Mar-O	Y�D*\
OXo-Udr�U�^�OX^fY�É"MRO�\�K�Qye-QVU�L²^sL²D*\d^fD*Y¬D*Å�Y�o�bT`fQVD*Y�O<^fY¬\�K�Q
Ypo-bT`fQVo-O Odo�r�r�`f^_QJO�\�K�Qãò�M�m*QcU�M*É*^fY�ÉRó®Y�QVQJF=QcFÇÅÆDRU"F=o�Ô
Ma`f^g\0hEOdbcMa`f^_Y-É-?®å�o=\B^_\�^�OBMa`�OdD:^fY�\dQcUdQJO0\�^_Y�É:\�K-M]\�\�K�^�O
OdbcMa`f^_Y-ÉNq%DRUdá=O�ÅÆD*UBw Ð � Ê´MaY-F:\�Kpo-OnMa`�OdDNÖ Ð � Î�ÅÆDRU
Ma`f`�Õ�o=\(\�K�Q�`fD]q%QJO0\$Þ Ä F�Ma\�M�?�BÊ�Ë�Ì�ËJÍ�ÎuL²QcMROXo-UdQcL QcY�\�OuK-M�mRQ(Õ�QcQVYNLNM*F=Q$D*YNF=QVo�Ô
\dQcUd^fo�LçiRÚ[iJe-Q%M*Y-F�Ano�\�MaU�É*QV\�O7q(^g\�KBM ÑyÒ Qct�ßaà�QV`fQcbTÔ
\dU�D*Y×Õ�QJMaLç?�e�o=\�o�UdQ¸L²QJM*Odo�UdQcL²QVY�\�Oçæ � D è q(^f`_`nM*`fOdD
^_Y�bT`fo-F=Q ¡ ä Q²M*Y-F ¡ ä Q"\�M*UdÉRQT\�O,M*Y-F~o-OdQ²M w Ò QVtBß]à

ÕsQcM*L ^fY D*UWF=QVUE\�D bTD]m*QcUÈM Þ Ä U�M*Y�É*Q�DaÅço�rÝ\dD
�Jk Ê Ò QVtBßaàVÎ Ä ?

Î�»`Ï¥=�Á�¿>Ð	/RÁÑsZ=o7q?´½Æ¿WÂ :n/E?|7=¿�/Er Ò ¿�=or�½|/p¾Ó7=¿-0527�8
PRQTS@QVUWOXDRY ÷ MaÕsD*UWM]\�D*U�h¬^fO$bTD*Y�\�^_Ypo�^fY�É²\dD®r�o�UWOXo�Q"M

q(^�F=Q�m]MaU�^fQT\0hNDaÅuF=o-M*`_^_\0h¬U�QV`�M]\dQJF®OX\dU�o-b�\�o�U�Q[ÅÆo-Y-b�\�^_DRY
L²QJM*Odo�UdQcL²QVY�\�Oc?yI	K-Q"Kph=F=U�D*É*QcY~MaY-F·F=QVo=\�QVU�^_o-L.Ã Ä
L²QJM*Odo�UdQcL²QVY�\�Oçq(^f`_`"Õ�QÈr-o-OXK-QcF \dD5Þ Ä MROç`_D]q M*O
k�� kRv Ê Ò Qct�ßaàVÎ Ä MaY-FÇÖ Ü kq� k�� æ �cwaè ?¸I	K�^�OBq(^f`f`%QVÓ�Ô
r-`_DRUdQ \dK-Q²bVD*Y�Y-Qcb�\�^_DRY·ÕsQT\0q�QVQcY¹`fD]qÝÞ Ä M*Y-F~^fY-OdQVY=Ô
Od^_\d^fm�^_\0hÈ\�D¹\�K�Q é o-MaU�áôOXQJM�?�Ã ÇÄ MaY-F×Ã }Ä L²QcMROXo�U�QTÔL²QcYR\WO3q(^f`_`@Ma`�OdD�Õ�Qnr-o-OXK-QcF²\�D�^_Y�\�QVU�L QJF=^�M]\dQ$Þ Ä ÊÆo�r
\�D H Ê Ò QVtBßaàVÎ Ä Î�q(K�^_`fQ�U�QVLNMa^fY�^fY�É²^_Y:\dK-Q�UdQJOXDRY-MaY-bVQ
U�QVÉR^_DRY®Ê´Ï Ä�ÜãÑ�Ò QVt Ä Î%æ � H è ?�I	K�QJOXQ�F�M]\WM$q(^f`f`pM*`_`fD]q
o�OX^fY�É�\�K�Q[F�o-Ma`f^g\0hNM*r�r�U�DRM*bWK \�DBD*Õ�\�Ma^fY¬MaYlM�m*QVUWMaÉRQcF
Ã Ä Õ�QcK-M�mp^_DRUyMa\�`fM*UdÉRQBÖ7? >po-bWKEL QJM*Odo�U�QVL²QVY�\�O[q(^f`_`
ÕsQ�QTÓp\�QVY-F=QJFlÅÆo�UX\�K�QVU(q(^_\dK:\�K�Q �Jj Ò QVt�o-r�É*UWM*F=Q,M]\
P ÷ M*Õ�?
A$O	q�QV`f` M*O%\dK-Qyo-Y�r�DR`fM*Ud^�XVQJF®OX\dU�o-b�\�o�U�Q$ÅÆo�Y�b�\d^fD*Y�OVi

OdQVmRQVUWMa`¬QVÓ=r�QcUd^fL²QVY�\�O¢L²QcM*Odo�U�^_Y-É�\dK�QøOXr�^fY OX\dU�o-b�Ô
\�o�U�QôÅÆo�Y-bT\d^fD*Y-O�Ô�¤ÇM*Y-F�Ô*ÄôK-M�mRQôbTDRL r-`_QV\dQcF F�M]\WM
\WMaáp^fY�É-?�AnL²D*Y-ÉÇ\dK�QJOXQ·M*UdQç\�K�Q ä Ma`f`yÚ�T(QcOdD*Y-M*Y�\
>=r�^_YÝ>�\dU�o-b�\�o�U�QôQTÓ=rsQVU�^_L²QVY�\¢æ � � è M*Y-Fø\dK�Q¥Ú ÷ Ay>
QcÉ � QTÓ=r�QcUd^fL²QVY�\øæ � � è q(K�^�bWK K-M�mRQëD*Õ�\�Ma^fY�QJF UdQJO0Ô
DRY-M*bVQ(UdQcÉ*^fD*Y²F�M]\WMyD*Y²KphpF�UdDRÉ*QVY²MaY�F F�QVo=\�QVU�^_o�L ÅÆD*U
k�� j Ü Þ Ä Ü �£� D Ê Ò Qct�ßaàVÎ Ä MaY-F~Þ Ä í D Ê Ò QVtBß]àVÎ Ä ?
e-o�Ud\dK�QcUdL²D*U�Q*iNM*Y o�r@bTDRL ^fY�É ä M*`_`NAðQTÓ=rsQVU�^_L²QcYR\
æ jakaè q(^f`_`[o-OXQ¸rsD*`�MaU�^�XVQcF ~ ä Q¸\�DÈQTÓp\dUWM*bT\`Ô È¤ o�r�\dD
Þ Ä í D � Ñ Ê Ò Qct�ßaàVÎ Ä q(^g\�KôU�QcOdD*Y-M*Y-bTQ²U�QVÉ*^fD*YÇáp^fY�QTÔ
LNMa\d^�bVO(^fYçD*UWF=QVU�\dDNMRbVbTQJOdO	K-^_ÉRKlÖ�?
A Y-QVq MaU�QcMçD*ÅnUdQJOXQJMaUWbWKEMa\ P ÷ M*ÕE^�O"L QJOXDRYôF=o=Ô

M*`_^_\0h*?�A�\¸K�^fÉ*KøQVY�QcUdÉR^_QJOVi²Ê�Ë�Ì�ËJÍ_L²QcOdD*Y-ÎçbVUdD�OdOçOdQcb�Ô
\�^_DRY-OnbcMaY:Õ�Q,Å�MRb�\dDRUd^�XVQJF®^fY�\dD é o-M*Udá®O�bVMa\X\�QVU�^_Y�É²MaY�F
é o-M*Udá"ÅÆUWMaÉ*L²QcYR\WM]\�^_DRY r-^_QJbTQcOc?�C¹DRUdá²M]\	Ú%DRUdY-QV`f`�æ j=�TèM*Y-F,r�U�QV`f^_L²^fY-MaU�h[OX\do�F=^_QJO7Ma\�P ÷ MaÕ�Odo�É*ÉRQcOX\�Os\�K-M]\�Å�M*b�Ô
\�D*U�^OXJM]\�^_DRY:M*Y-FlM*Y:M*r�r�U�D�Ó=^_LNM]\�QyF�o-Ma`f^g\0hlLNM�h¬q%DRUdá
Ma\¸Þ ÄëÜ v Ê Ò QVt�ß]àcÎ Ä MaY-F5^_Y5\dK�QÇU�QcOdD*Y-M*Y-bTQ~U�QTÔ
ÉR^_DRY�?�I	K�QcOdQ,^fF�QcM*O�q(^f`_` ÕsQy\dQJO0\�QcFlq(^g\�KEÊ´ËRÌ�Ë�ÍRM7Î�MaY�F
Ê´Ë�ÌdË�ÍOÕEÎ�D*Y.@¸MaY-F Á \WMaU�É*QT\WO,æ jRj�è ?
ö�Y~Odo�L²L²M*UdhRi�D]m*QcU	\dK�QBY�QTÓp\[OdQVmRQVUWMa` h*QJMaUWOVi�P ÷ M*Õ

q(^f`f`7Õ�o�^f`�Flo-r~M²Õ�UdD�M*F:bTDR`_`fQcbT\d^fD*Y:DaÅuL QJM*Odo�U�QVL²QVY�\�O
Ma\$`fD]q5\�D¬L²DpF�QVUWM]\dQBÞ Ä DaÅ3Ã�Äai f isMaY-F<Ô�¤[ÅÆDRUn`f^_ÉRKR\
Ypo-bV`_Qc^nMaY-F¢Ã Ä M*Y-F f ÅÆD*U²K�QcM�mp^fQVU Ypo-bT`fQV^?ãö�Y�M*FpÔ
F�^g\�^_DRY�i�MEr�U�D*ÉRU�M*L DaÅyOX\do�F=hp^_Y�ÉÇF=o-M*`_^_\0hô^fY�L QJOXDRY
r-UdD=F=o-bT\d^fD*Y¸MaY�F®\�QcOX\d^fY�É Å�M*bT\dD*U�^�XcM]\�^_DRY:Ma\n`_D]q QVY�QcUXÔ
ÉR^_QJO	q(^_`f`�ÕsQ�O0\WMaUd\dQJF ?



H
:<Ö�Ï�Ö!:nÖ!¾�×ÍÖGÒ
� ? C ? ÛB? å�`fD�DRL MaY-F e�? P�? Ò ^f`_LNM*Y�i
Ø3Kph=OV?ØT(Qcm@? ÷ QT\d\c? ,4Î i �R� Ñ k Ê � � H k Î ¹
Ø3Kph=OV?qTnQVm@?�Û » i j � k�� Ê � � H � Î�?

j ? A�?-Û[Q�T(o9P0o-`fM-i ä ? Ò QcD*U�É*^i�MaY-F ä ?�ÛB?-ØuDR`_^_\�XcQVUJi
v ? ö�?�Z$^fbVo�`_QJOdbVo�ÙÀÚ�Û9��ÜfisØ<K�h=Oc?�T(Qcms? ÷ QT\d\c?dÝ Î i �R� � w

Ê j*k*k*k Î�?Ñ ? ö�?�Z$^fbVo�`_QJOdbVo�ÙÀÚ�Û9��ÜfisØ<K�h=Oc?�T(Qcms? ÷ QT\d\c?dÝ Î i �R� � j
Ê j*k*k*k Î�?D ? P*QVSsQcU�OdD*Y ÷ MaÕsD*UWM]\�D*U�h C Ó=r�QcUd^fL²QVY�\ C � Ñ Ô �R�ck ?
AnY�Y7?uØ<KphpOc? º�Þ4m i v�� D Ê � � HLH Î ¹ ä ? Ò QVD*U�É*^%MaY-F
ä ?-Û"?-ØuDR`_^�XVQcUci=Ø3Kph=Oc?qT(QVm@?�Û ºE» i � � j �®Ê � � H w ÎT?

w ?zl"?RZ[M*bWK�\dLNMaY-Y�i�Z$o-bT`?pØ3Kph=OV?�ß.à m i jav H Ê � � H D Î�?H ? A ?	AnU�Y�QVD=F=D�Ù�ÚpÛ��OÜfi$Ø<K�h=Oc? ÷ QT\X\J?%å m à » i �ck H
Ê �Jk*k D Î ¹ m à » i j � D Ê � �L� Ñ ÎT?�-? Øu?�å�QVU�É*QáÙÀÚ Û9�OÜfidâ�?-Ø<K�h=Oc?-Ú »äã i � � H Ê � �£� � Î�?�-? C ?%l[`g\�L²M*YÄÙÀÚåÛ9�OÜfi�âu?�Ø3Kph=Oc?�Ú Î�m i D � Ê � �L� j Î ¹
P-? ä ?æ,^fLçÙ�Ú�Û9��Üfi<Ø3Kph=OV?	T(QVm@? ÷ QV\X\c?�Ý º i v D � D
Ê � �£�£��Î�?

�Jk ? Z�?�ö0OdÉ*o-U�ÙÀÚ�Û��OÜfilØ<K�h=Oc?�T(QVm@?�Ûèà » i k D]Ñ k*k D
Ê j*k*k�� Î�?

�R� ?�>@?�Û[MROXoéÙÀÚ§Û��OÜfiNØ3Kph=OV?GT(QVm@? ÷ QV\X\J?åà º i �Jk*w��
Ê � �£�£��Î ¹ Ø<KphpOc?�TnQVm@?yÛ »äã i D w Ñ � Ê � �£� Ñ Î ¹ ÷ ?
C¥K�^_\d`fD]q�ÙÀÚoÛ��OÜfi*Ø<K�h=Oc? ÷ QT\X\J?Jå ,4Î�Þ i � � v Ê � �L� k Î ¹
÷ ? ä ?-I�MaD§ÙÀÚ Û9�OÜfidâ�?�Ø3Kph=Oc?�ÚJê Þ i v � H Ê � �£� w Î�?

��j ?dæ²?=AnÕsQ`Ù�Ú�Û��OÜfi-Ø3Kph=Oc? ÷ QT\d\c?=å »dÎi, i � � Ñ Ê � �L�£��Î�?
�Jv ? P-?pAnU�U�^_Y�É*\dDRY�ÙÀÚ�Û��OÜfi�Ø3Kph=Oc?LT(Qcms? ÷ QV\X\J?�Ý , i j*k D w

Ê � �£�£��Î�?
� Ñ ? P-?sAnU�Ud^fY�É*\dD*Y�Ù�ÚvÛ9�OÜfi Ø<K�h=Oc?iT(Qcm@?@ÚWà » i k�� Ñ w*k�j

Ê j*k*k�� Î�?
� D ? P-?3A$UdU�^fY�Éa\�D*Y�i	ÛB?%Û[M�hRi%åy?<e�^_`f^fr�r�DRY�Q*i	MaY�F×AB?
÷ o�Y-É-i�PRQTS@QVUWOXDRY ÷ M*Õ�DRU�Ma\dDRUdh C Ó=rsQVU�^_L²QVY�\ C<k�j Ô
k�� ��?

�Jw ? P*QVSsQcU�OdD*Y ÷ M*Õ�DRU�Ma\dDRUdh²QTÓ=rsQVU�^_L²QcYR\ C%k*k Ô k*k�j ?
� H ? P*QVSsQcU�OdD*Y ÷ M*Õ�DRU�Ma\dDRUdh²QTÓ=rsQVU�^_L²QcYR\ C%k*k Ô �*�Jw ?
� ��? P*QVSsQcU�OdD*Y ÷ M*Õ�DRU�Ma\dDRUdh²QTÓ=rsQVU�^_L²QcYR\ C%k�� Ô k*kRw ?
� ��? I,?cAB?Je-D*U�QcOX\7MaY-Fy\�K�Q�Ú ÷ Ay>�bTDR`_`�MaÕsD*UWM]\�^_DRY�i�\WMa`fá
r�U�QcOdQVY�\dQJFBM]\u\�K�Q��]\dK ö�Y�\dQcUdY-Ma\d^fD*Y-M*`-Ú%D*Y=ÅÆQcUdQcY-bTQ
D*Yç\�K�Q">�\�Udo-bT\do�U�Q�D*Å�å	M*UdhRD*Y-Oci�P*QVSsQcU�OdD*Y ÷ MaÕsDaÔ
U�Ma\dDRUdhRi j*k*k�j ?

j*k ? P*QVSsQcU�OdD*Y ÷ M*Õ�DRU�Ma\dDRUdh²QTÓ=rsQVU�^_L²QcYR\ C%k�� Ô k���j ?
j�� ? å�QVÕsQVáëÙ�ÚìÛ9�OÜfi Ø<KphpOc?6T(QVm@? ÷ QV\X\J? m�» i H D

Ê � � H D Î ¹ Ø3Kph=Oc?�T(QVm@? ÷ QV\X\J? m ê�i � D j D Ê � � H w Î ¹
Ø3Kph=OV?qTnQVm@?�Û ºqÎ i vRk � D Ê � � HLH Î�?

jRj ? P*QVSsQcU�OdD*Y ÷ M*Õ�DRU�Ma\dDRUdh²QTÓ=rsQVU�^_L²QcYR\ C%k*k Ô �ck ��?


